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### (Benedict M. Devereaux, MB, BS) {#sec3-1}

Endoscopic ultrasound (EUS) has been increasingly used worldwide over the last 3 decades. More than 12 000 articles were identified when the phrase "endoscopic ultrasound" was used to search for articles from PubMed website. A recent systematic review by Fusaroli *et al.* explored EUS-related studies published in the last decade, and the results showed that less than 10% of studies were randomized controlled trials, prospective controlled trials, or meta-analyses.[@ref1] The authors suggested that more studies involving therapeutic or interventional EUS are needed. In addition, the same group performed another systematic review focusing only on pancreaticobiliary EUS; they suggested that more EUS imaging technologies along with biochemical and molecular cystic fluid analysis should be studied in order to improve the utility of EUS for the diagnosis of pancreaticobiliary diseases.[@ref2]

As part of the Asian Pacific Digestive Week (APDW) 2012 in Bangkok, Thailand, an EUS forum took place on December 8, 2012. Experts in EUS from around the world made presentations on an array of topics. An evidence- based discussion focused on the current state of the art of EUS technique and its application to the diagnosis and management of an array of pathologies. The forum content is not specific to the Asia-pacific region but is globally relevant. Forum participants agreed to summarize their presentations and subsequent discussion as detailed below.

SUB-EPITHELIAL LESIONS: WHAT MATTERS- SIZE, ECHOGENICITY OR FNA? {#sec1-2}
================================================================
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### Case Presentation (Pradermchai Kongkam, M.D.) {#sec3-2}

A 46-year-old male patient presented with the incidental finding on magnetic resonance imaging (MRI) of a 3-cm lobulated mass with central necrosis, seen in the second to third part of the duodenum. The patient had no significant medical history or family history. Physical examination was unremarkable. Endoscopy and EUS was scheduled for an evaluation of the lesion. Endoscopically, a sub-epithelial peri-ampullary mass was identified. The major papillary orifice appearance was unremarkable as shown in [Fig. 1](#F1){ref-type="fig"}. Endosonographically, a heterogeneous hypoechoic well-defined mass measuring 19 mm x 19 mm in maximal diameter was identified ([Fig. 2](#F2){ref-type="fig"}). The mass originated from the 4^th^ layer of the duodenal wall. The most likely endosonographic diagnosis was a gastrointestinal stromal tumor (GIST) of the duodenum.

![Endoscopy demonstrated a subepithelial periampullary mass with unremarkable major papillary orifice.](EU-2-43-g001){#F1}

![Endoscopic ultrasound demonstrated a heterogeneous hypoechoic well-defined boarder mass measuring 19 mm × 19 mm in diameter originating from the 4th layer of the duodenum.](EU-2-43-g002){#F2}

The management of a sub-epithelial lesion (SEL) is dependent on the diagnosis. The key differentiation is between benign and malignant/pre-malignant lesions. Benign lesions may be left *in situ* and monitored, whereas malignant/pre-malignant lesions should be considered for resection in operative candidates. EUS is the optimal modality for delineating gastrointestinal wall layers and therefore represents the diagnostic test of choice for the evaluation of SELs. The following expert discussion will cover the essential role of endoscopy and surgery in the management of SELs.

### Discussion {#sec3-3}

**Basic anatomy and echogenicity *(Heng Boon Yim, M.D.)***

EUS has revolutionized the practice of gastrointestinal (GI) endoscopy. A lesion or a structure can be classified by EUS into various echogenicity patterns, including an-echogenicity, hypo-echogenicity, iso-echogenicity as well as hyper-echogenicity. We are also able to differentiate very clearly the various layers (at least 5 layers) of the GI wall using EUS. As such, we are able to determine the echogenicity of a subepithelial lesion as well as the layer of the GI wall it arises from. A hyperechoic lesion that arises from the submucosal layer is classically a benign lipoma and no further intervention is required most of the time. The difficulty lies with a hypoechoic lesion as there are several possible differential diagnoses. The following article details a suggested approach to these lesions.

**"Echo or needle" and "Remove or Keep" *(Anand V Sahai, M.D.)***

EUS has unique capabilities to assess SELs of the GI wall. In some cases, a clear diagnosis can be made, but not infrequently, EUS appearances are inaccurate. EUS-guided sampling techniques may improve the diagnostic yield, but are not perfect. Finally, the prognostic implications of EUS findings are often unclear, so that optimal management strategies for lesions that are not clearly aggressive have yet to be defined.

This section paper proposes a sequential, 6-step, question-based approach to EUS for SELs.

**Six Questions to Ask When Performing EUS for SELs**

**[Question 1]{.ul}:** Is the lesion part of the GI wall or not?If not, then the lesion can be considered an external compression.**[Question 2]{.ul}:** Is the lesion hypoechoic or not?If not hypoechoic, then the diagnosis of a lipoma is highly likely.**[Question 3]{.ul}:** Is the lesion mucosal or not?If the lesion is mucosal (i.e. superficial), then the diagnosis can be obtained by traditional endoscopic mucosal biopsy techniques. The most likely diagnoses are inflammatory folds or adenomatous polyps.**[Question 4]{.ul}:** Is the lesion submucosal, but endoscopically resectable?Is it small enough to remove endoscopically, not vascular (Doppler negative), and is it free from the 4^th^ layer (muscularis propria)? If so, then endoscopic mucosal resection (EMR) of the entire lesion can provide the most certain diagnosis and treatment. The most common lesions can include: pancreatic rest, carcinoid, granular cell tumor, GIST, leimoyoma, *etc*).**[Question 5]{.ul}:** Should the lesion be sampled or not?If the lesion cannot be biopsied or removed endoscopically, then an attempt at EUS-guided sampling is warranted if it will clearly change management. Most of these lesions will be in the 4^th^ layer (muscularis propria). If in the stomach or duodenum, the most likely diagnosis is GIST; in the cardia or esophagus, it is leiomyoma. Many types of needles and techniques are possible, and there is no clear winner. So you should use what works best for you. In general, the yield is better in lesions that have signs of aggressive behavior (large size, inhomogeneity); but in these lesions, the sampling results will not likely change the decision to operate. In all cases, care should be taken to avoid traversing the lesion since this could lead to tumor seeding in the case of malignancies such as GISTs.**[Question 6]{.ul}:** Should the lesion be removed, watched, or ignored?Lesions that are symptomatic or have signs of potentially aggressive behavior (large size, inhomogeneity, nodes) should probably be removed regardless of biopsy results.Small (\<2 cm), hypoechoic, solid, the 4^th^ layer lesions (or the 3^rd^ layer lesions that cannot be removed by EMR) should probably also be removed if biopsy proves presence of a GIST (c-Kit positive). However, it is often difficult to obtain adequate tissue for analysis from such small lesions. There is no clear best strategy for biopsy negative, asymptomatic, small lesions. In the stomach and duodenum, most of these are likely GISTs. At the cardia and esophagus, they are mostly leiomyomas. Regardless, the great majority will never progress, so watching these lesions by follow-up EUS appears to be somewhat futile and there are no randomized trials showing that this strategy improves outcomes. Therefore, one possible strategy is to ignore such lesions in elderly patients or poor surgical candidates. In younger patients, laparoscopic removal can be offered to end the problem by confirming diagnosis and curative treatment. For younger patients who refuse surgery, the value of follow-up EUS still appears questionable, so the choice to offer this strategy comes down to personal opinions.

In summary, hopefully this 6-step, question-based approach can simplify the management of submucosal tumors (SMTs). However, further work on the optimal management strategy for small, hypoechoic, biopsy negative and the 4^th^ layer lesions is sorely needed.

**Endoscopic removal *(Takuji Gotoda, M.D.)***

Laparoscopic surgery is increasingly used in gastric procedures for GIST. The technique was first applied in 1999,[@ref3] and involved lesion-lifting partial gastrectomy. Laparoscopic wedge resection for SMTs is safe and feasible as a treatment in the hands of an experienced laparoscopic surgeon.[@ref4] Extragastric approaches using the endoscopic stapler or handsewn closure[@ref5] as well as transgastric approaches[@ref6][@ref7] were used in these laparoscopic wedge procedures. A resection approach tailored for the tumor location is recommended.[@ref8][@ref9] Excessive gastric resection may result in postoperative transformation of the stomach, with consequent gastric stasis, and the approaches listed in the proceeding paragraphs are far from the standardized procedure for the laparoscopic wedge resection of gastric SMTs.

Endoscopic resection (ER) is accepted as a less invasive local resection for early gastric cancer (EGC) that carries a negligible risk of lymph node metastasis.[@ref10][@ref11] In particular, endoscopic submucosal dissection (ESD) is gaining momentum as a new procedure for the endoscopic treatment of EGC in order to remove the tumor *en bloc*.[@ref12] However, use of an ESD technique for the resection of intraluminal gastric SMTs has resulted in a high morbidity[@ref13] because of a higher risk of massive bleeding and/or perforation. ESD procedure is indicated for submucosal but not it is right dissection because of poor bleeding control during treatment of the muscle layer.

The newly developed laparoscopic and endoscopic cooperative surgery (LECS) technique for dissection of gastric SMTs can be performed regardless of tumor location.[@ref14] The LECS procedure involves seromuscular resection by laparoscopy with endoscopic dissection for the mucosal to submucosal layers. The exact resection margin is endoscopically planned from the gastric lumen, and the submucosal layer dissection is performed by ESD as shown in [Fig. 3](#F3){ref-type="fig"}. LECS for the wedge resection of gastric SMTs, including GIST, may be performed safely, with reasonable operation time, reduced bleeding, and adequate resection margins independent of tumor sites. The LECS technique therefore provides an alternative to the standard gastric wedge resection procedure with minimal transformation of the stomach.

![A practical approach for management of SMTs. SMTs: submucosal tumors; GIST: gastrointestinal stromal tumor; EUS: endoscopic ultrasound; CT: computed tomography; FNAB: fine needle aspiration biopsy; ESD: endoscopic submucosal dissection.](EU-2-43-g003){#F3}

**Laparoscopic removal *(Suthep Udomsawaengsup, M.D.)***

Laparoscopic surgery was proved to be as effective as conventional surgery. It is less invasive, causes less postoperative pain and provides earlier return to normal activities. Gastric sub-epithelial lesions are often amenable to laparoscopic removal. Laparoscopic wedge resection is commonly used to resect tumors on the anterior gastric wall or on greater curvature. A lesion on the posterior wall needs anterior gastrotomy, which facilitates intra-gastric wedge resection. The most challenging lesions are those located next to the esophago-gastric junction. Resection of the lower esophageal sphincter is associated with severe reflux. The better choice for tumor resection in this specific situation is a combined endoscopic and laparoscopic intra-gastric tumor removal. The procedure starts with a complete diagnostic endoscopy. The tumor is located and a CRE™ Balloon Dilator dilator is applied to occlude the pylorus to maintain gastric inflation. The laparoscopic part performed next. A 5-mm, blunted-tip trocar is carefully inserted directly into the gastric lumen under direct endoscopic visualization and a safe track technique is used. The procedure is continued with an introduction of another two 5-mm trocars into the gastric cavity. Free margin resection is done using laparoscopic dissecting forceps and the harmonic scalpel under direct vision of a 5-mm, 30-degree laparoscope. Hemostasis is secured, and the defect is approximated with intra-gastric suturing. The specimen is then retrieved endoscopically.

![The technique of laparoscopic and endoscopic co-operative surgery (LECS).](EU-2-43-g004){#F4}

In conclusion, laparoscopic wedge resection is the treatment of choice for most of the sub-epithelial gastric lesions. Combined endoscopic and laparoscopic intra-gastric tumor removal is effective for lesions located next to the esophago-gastric junction.

**Summary of sub-epithelial lesions *(Ryan Ponnudurai, M.D.)***

SELs will continue to be a diagnostic dilemma for endosonographers. Pitfalls exist with simple algorithms which specify observation for lesions less than 2 cm in diameter, and resection for those greater than 4 cm, with case reports of malignancy in lesions less than 2 cm. EUS helps in assessing the echopattern and size of the lesion. Fine needle aspiration (FNA) would be considered the obvious next-step but tissue acquisition is rarely adequate especially in small lesions. The technique for sampling has not been standardized yet.

The technique of endoscopic removal with laparoscopic assistance is exciting, and logically would be the procedure of choice in selected patients. However, it is clear that these procedures demand a high level of skill from the endoscopists and surgeons and should be limited to tertiary units.

AN INCIDENTAL 3-CM CYSTIC LESION AT THE PANCREATIC HEAD {#sec1-3}
=======================================================
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### Case Presentation (Pradermchai Kongkam, M.D.) {#sec3-4}

A 74-year-old female patient was referred for evaluation of a cystic lesion incidentally found in the head of the pancreas following MRI. There was neither past history of acute pancreatitis nor other significant medical history. Importantly, there was no history of significant alcohol consumption. Physical examination was unremarkable. EUS was undertaken, and demonstrated a multi-locular pancreatic cyst with macrocystic appearance as shown in [Fig. 5](#F5){ref-type="fig"}. No mural nodule and no solid mass component were identified. EUS-FNA was performed. The cystic fluid was thin and clear. Cystic fluid carcinoembryonic antigen (CEA) and amylase levels were 4.38 ng/mL and 151 U/L, respectively.

![A multi-locular pancreatic cyst with microcystic appearance at head of pancreas.](EU-2-43-g005){#F5}

Incidental pancreatic cysts have been increasingly detected in recent decades as access to abdominal imaging has increased. Pancreatic cystic lesions may be either benign or malignant. Serous cystic neoplasms (SCN) and small branch duct type- intraductal papillary mucinous neoplasms (BD- IPMN) may be monitored with follow-up imaging whereas resection of other lesions, with malignant potential, should be considered. It remains difficult to make a definitive diagnosis of a pancreatic cystic lesion with non-invasive tests, including imaging modalities, serum tumor marker concentration and cyst fluid analysis (cytology, CEA level). As a result, the management of pancreatic cystic lesions constitutes an ongoing significant challenge. The following discussion by experts will guide readers through a practical approach to manage cystic lesions of the pancreas.

### Discussion {#sec3-5}

**Differential diagnosis of cystic neoplasms of the pancreas *(Jacques Van Dam, M.D., Ph.D.)***

Pancreatic cystic neoplasms (PCNs) have been increasingly recognized in clinical practice due to widespread use of cross-sectional imaging for unrelated abdominal symptoms. Pseudocysts are the most common cystic lesions of the pancreas while PCNs account for only 10%. Among the PCNs, SCN, mucinous cystic neoplasms (MCNs), and IPMNs account for 90%. PCNs are divided into non-mucin and mucin producing tumors. Nonmucinous lesions are mostly SCN which are almost always benign. Mucinous lesions include MCNs and IPMNs which can be premalignant or malignant.

[Table 1](#T1){ref-type="table"} below summarizes the diagnostic criteria for mucinous *versus* nonmucinous PCNs.[@ref15] It also differentiates the relative malignant risk based on the mucinous composition of the cyst. Because of wide variation, the radiographic and endosonographic imaging features may not be diagnostic. Based on the diagnostic criteria provided (female gender, microcystic appearance, low-normal CEA, low amylase), the patient presented above most likely harbors a SCN.

###### 

Diagnostic Summary [@ref15]

![](EU-2-43-g006)

**Algorithm of management *(Nonthalee Pausawasdi, M.D.)***

The management of incidentally discovered pancreatic cystic lesions (PCLs) remains a challenge due to the difficulty in cyst characterization and the unclear natural history of these lesions. EUS-FNA for cyst fluid analysis can be helpful in the management of these lesions and EUS guided Trucut biopsy (TCB) with sampling of a core of tissue from cyst wall and supportive stroma may provide additional information. The vast majority of asymptomatic pancreatic cysts without concerning clinical, imaging and endosonographic features could be followed safely without surgery.[@ref16] In many circumstances, selected use of EUS-FNA with cytology and fluid measurement can further provide evidence to support the approach of watchful waiting. A cost-effectiveness analysis of different strategies of management of asymptomatic PCNs suggests that EUS-FNA with cyst fluid analysis (CFA) for risk stratification and mucinous lesions be considered for resection has highest quality-adjusted life years with an acceptable incremental cost-effectiveness ratio.[@ref17] For those with a mucinous lesion who are poor surgical candidates, EUS-guided cyst ablation with ethanol could be considered as an alternative method. A multicenter, randomized, double-blinded study by DeWitt *et al.* showed that EUS-guided ethanol lavage decreased pancreatic cyst size more significantly than saline solution lavage, with similar safety profile.[@ref18] A small series also showed that EUS-guided ethanol lavage with paclitaxel injection resulted in resolution of cystic tumors.[@ref19] However, these data required a long-term follow-up outcome.

There have been developments of novel methods to aid the diagnosis and differentiation of PCLs in recent years including cyst fluid molecular or proteomic analysis, biomarkers and gene expression profile for mucinous lesions. In addition, *in vivo* real-time imaging of epithelial lining of a cystic lesion can be performed using confocal laser endomicroscopy probe passed through an EUS-FNA needle. More studies are required to validate the utility of these techniques in routine clinical practice.

In summary, the differentiation of PCLs remains a diagnostic dilemma. Newly developed technologies may provide additional benefits in management of these patients. The current data suggest that patients without concerning clinical and imaging findings could be closely monitored with serial examinations and imaging to exclude change in size and development of worrisome features. Those with suspected mucinous lesions should be considered for surgery. However, a decision regarding the patient\'s willingness to observe or to remove the lesion should be developed in collaboration with a pancreatic surgeon.

**Surgical perspective *(Somchai Limsrichemrern, M.D.)***

When encountering a patient with incidental cystic lesion of the pancreas, several points need to be taken into account in considering the best management for each individual patient. These include the type of the lesion, the natural history of the lesion, life expectancy of the patient, and risk of surgery. With advancements in imaging and EUS- FNA with CFA, the nature of most pancreatic cystic lesions can be elucidated. Once the type of lesion is known, its natural history may be forecasted although the timing for malignant transformation cannot be predicted with certainty. In the case of SCN, which do not have malignant potential, no further treatment is required. For other types of cystic lesions such as MCN, IPMN, solid pseudopapillary neoplasm, or neuroendocrine tumor, surgical removal should be considered because they all have malignant potential. In a small proportion of patients, however, the diagnosis cannot be made preoperatively. A report of 166 pooled patients from 5 high-volume pancreas centers showed the majority of cystic lesions of the pancreas were IPMN, SCN and MCN. The incidence of cancer in asymptomatic patients with no radiologic or EUS stigmata in this report was about 3%, about the same as the postoperative mortality. Apart from mortality, pancreatic head resection has a high postoperative morbidity, 30%-50% in most series. These complications include wound infection, intra-abdominal collection, pancreatic fistula and post-pancreatectomy hemorrhage. Some of these complications can be very morbid, and may even be fatal. Late post-operative pancreatic endocrine and exocrine insufficiency is seen in 18% and 33% respectively after pancreatic head resection. The incidence of both short- and long-term complications is lower after distal pancreatectomy. The location of the cyst should therefore be taken into account in balancing the risk *versus* benefit of surgery. Weinberg, *et al.* used decision analysis with Markov modeling to compare competing management strategies in a patient with a pancreatic head cyst, diagnosed pre-operatively as branch-duct IPMN. The strategies included initial pancreaticoduodenectomy (PD),[@ref15] yearly non-invasive radiographic surveillance,[@ref20] yearly invasive surveillance with endoscopic ultrasound,[@ref21] and doing nothing.[@ref22] They found that initial PD had the longest overall survival in cysts 2 cm or larger in all age groups. But the "do nothing" group offered the highest quality adjusted life year except for large cystic lesions in patients younger than 75 years old. These findings suggest that the approach to a patient with a cystic lesion at the pancreatic head has to be individualized. For an indeterminate lesion in an asymptomatic patient with no radiologic or EUS evidence suggestive of malignancy, the risk of malignancy is very low, lower than the risk of surgery. In this situation, follow-up may be the most appropriate strategy.

**EUS-guided therapy *(Dong-Wan Seo, M.D.)***

Cystic lesions of the pancreas are detected more and more with the advancement of imaging modalities. The differential diagnosis and management of pancreatic cystic lesions have become quite burdensome for clinicians because most of these lesions are small, asymptomatic and showing benign nature. With conventional imaging modalities such as ultrasonography, CT or MRI, the location, contour and size of pancreatic cystic lesion can be examined. EUS can detect the presence of septa, mural nodule, number of locules and wall thickness more accurately. By adding EUS-guided cystic fluid examination, we can analyze the level of amylase, lipase, and tumor markers such as CEA or CA19-9. Cytologic examination can also be performed although the yield is low. All these information can be helpful for the differential diagnosis among mucinous cystic tumors, non-mucinous cystic tumors and pseudocysts. Pancreatic pseudocyst can be effectively managed by EUS-guided cystogastrostomy or cystoduodenostomy. Malignant mucinous cystic tumors should be treated by surgical resection if it is resectable. As a novel approach, EUS-guided ethanol lavage with/without paclitaxel injection has been tried for benign PCNs. Preliminary reports[@ref23] showed the safety and feasibility of EUS-guided PCN treatment. Treatment responses varied among studies as previous studies involved small number of patients and short-term follow-up.

Our group conducted a series of studies to evaluate the technical feasibility, safety and therapeutic efficacy of EUS-guided PCN ablation. At first, we conducted a pilot study[@ref24] and selected 14 patients with PCNs received EUS- guided ethanol lavage and paclitaxel injection and observed for 6 months. Complete resolution of PCNs was observed in 11 patents and partial resolution in 2 patients. The next study was focused on septated PCNs, and we observed 60% with complete resolution and 20% with partial resolution.[@ref25] Encouraged by these results, we conducted a long-term follow-up study after EUS-guided ethanol lavage and paclitaxel injection of PCNs.[@ref19] Fifty-one patients were enrolled by the following inclusion criteria; 1) uni- or oligolocular cyst, 2) indeterminate tumors for which EUS- FNA was required, and 3) PCNs showing size growth during the observation period. Under EUS-guidance, cyst fluid aspiration, ethanol lavage and injection of paclitaxel were performed. Twenty PCNs were oligolocular. Mean CEA level was 463 ng/mL (1-8190). The median follow-up was 20.6 months. The mean volume of PCNs decreased from 14.09 mL to 3.31 mL. Complete resolution was observed in 28 patients, partial resolution in 6 patients, and persisting cyst in 12 patients. Splenic vein thrombosis as procedure-related complication occurred in 1 patient. EUS-guided ethanol lavage and paclitaxel injection appears to be a safe and effective method for treating PCNs.

**Summary of pancreatic cysts *(Ryan Ponnudurai, M.D.)***

The incidental pancreatic cyst is one of the commonest indications for performing an EUS examination. The information obtained on cyst size, wall thickness, solid component, and relationship to the pancreatic duct are all valuable details in assessing these lesions. FNA with cyst fluid analysis and finally ablative therapy are all possibilities when performing EUS. However, the initial enthusiasm of endosonographers in defining these cysts has been dampened by studies showing the lack of sensitivity in using these parameters in determining which lesions should be resected, kept on surveillance or ablated. Most incidental cysts will be placed in a surveillance program based on the size of the cyst. Fluid analysis is helpful especially for assessing CEA and mucin content. Close collaboration with the hepatobiliary surgeon is important in surgical candidates. We look forward to more studies defining the utility of the molecular analysis of cyst fluid and also long-term outcomes from EUS-guided cyst ablation.

PANCREATIC HEAD MASS: HOW TO DEAL WITH IT IN THIS ERA {#sec1-4}
=====================================================
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### Case Presentation (Pradermchai Kongkam, M.D.) {#sec3-6}

A 52-year-old male patient was referred with an incidental 2-cm mass in the head of pancreas on CT scan as shown in [Fig. 6](#F6){ref-type="fig"}. There was no significant medical history or history of significant alcohol consumption. MRI showed lesion enhancement typical of a neuroendocrine tumor. Octreotide and positron emission tomography (PET) scan did not show abnormal tracer uptake. EUS was performed and demonstrated a hypo-echoic solid mass in the head of the pancreas. Elastography showed a strain ratio of 0.07. A review of the history revealed that the lesion had been present 7 years previously, There had been no interval change in size. The mass was then diagnosed as a potentially benign neoplasm of the pancreas.

![**EUS-guided treatment of cystic tumor in the head of pancreas.** A: CT scan shows about 3.5 cm sized cystic tumor in the head. This lesion was treated by EUS-guided ethanol lavage and paclitaxel injection (070315); B: Follow-up CT scan which was taken 5 months after treatment clearly shows marked size decrease after therapy (070818); C: About 3 years later, CT scan demonstrated complete disappearance of cystic tumor (100617). EUS: endoscopic ultrasound; CT: computed tomography.](EU-2-43-g007){#F6}

Pancreatic surgery is associated with a significant postoperative complication rate. Unnecessary surgical removal of a benign pancreatic mass should be avoided. However, progression of an undiagnosed malignant or pre- malignant neoplasm from resectable to unresectable, whilst under surveillance, would be devastating. Therefore, accurate preoperative diagnosis is crucial. EUS plays a key role in the evaluation of pancreatic mass lesions.

The following discussion is contributed by experts to guide readers though the practical management of an incidental pancreatic mass.

### Discussion {#sec3-7}

**Algorithm of management *(Shomei Ryozawa, M.D.)***

With advancements in imaging technology, the evaluation and management of the patient with suspected pancreatic cancer has changed.

Patients with suspected pancreatic cancer may present clinically with obstructive jaundice, abdominal pain, anorexia, abnormal liver enzymes, weight loss, new-onset diabetes mellitus, or steatorrhea. Elevation in levels of serum bilirubin and alkaline phosphatase suggest biliary obstruction. Serum tumor markers such as CA19-9 and CEA may be helpful. Once there is a clinical suspicion of pancreatic cancer, further investigation with abdominal imaging studies is appropriate.

![A 2-cm mass at head of pancreas was demonstrated by computed tomography scan.](EU-2-43-g008){#F7}

Abdominal imaging studies are performed allowing for (a) detection of the tumor, (b) determination of tumor respectability, and (c) tissue acquisition under imaging guidance (Fig. [8A](#F8){ref-type="fig"}, [B](#F8){ref-type="fig"}).

![**Algorithm for management of pancreatic head mass.** A: Diagnosis; B: Treatment. US: ultrasonography; EUS: endoscopic ultrasound; CT: computed tomography; MRI: magnetic resonance imaging; MRCP: magnetic resonance cholangiopancreatography; ERCP: endoscopic retrograde cholangiopancretography; PET: positron emission tomography.](EU-2-43-g009){#F8}

*Transabdominal ultrasonography.* Transabdominal ultrasonography may suggest biliary obstruction by showing biliary ductal dilation. It also may identify liver metastases. However, this imaging modality is operator-dependent and has poor sensitivity for detecting small neoplasms of the pancreatic head.*CT.* Multidetector CT has shown an improved sensitivity and specificity for detecting pancreatic cancer over conventional CT. It allows for better imaging of tumor extension, liver metastases, and vascular invasion. If the CT findings are highly suggestive of resectable pancreatic cancer, a reasonable approach is to refer the patient directly for surgical resection without further imaging or diagnostic testing.*MRI.* MRI of the pancreas may include MRI, magnetic resonance cholangiopancreatography (MRCP), and/or magnetic resonance angiography (MRA). Standard abdominal MRI appears to be an accurate modality for staging pancreatic cancer, though it does not appear to be more specific or sensitive than CT.*EUS.* If expertise in EUS is available, it should be used as a preoperative staging modality in patients with suspected pancreatic cancer. This is particularly important in patients with equivocal findings on CT. EUS allows identification of vascular invasion as well as sampling of suspicious-appearing lymph nodes, which, if positive, may change the treatment approach as it alters prognosis. EUS appears to be complementary to CT, with EUS better at detecting small masses, staging the portal vein, and detecting lymph node metastases, while CT is superior for staging arterial involvement and distant metastases. An EUS-FNA biopsy specimen allows for a definitive tissue diagnosis of a pancreatic mass. In patients with unresectable cancer, EUS-guided celiac plexus neurolysis has been shown to control disabling abdominal pain.*Endoscopic retrograde cholangiopancretography (ERCP).* The pathognomonic findings on ERCP of a pancreatic head cancer are strictures of the bile and pancreatic ducts with proximal dilation. While ductal abnormalities are almost invariably present in patients with adenocarcinoma, other imaging modalities (CT, MRI, EUS) have supplanted ERCP in the diagnosis of pancreatic cancer. However, if the patient suffers from cholangitis or severe pruritus, preoperative ERCP with biliary drainage should be performed. If a definitive tissue diagnosis is required for the operative resection or the administration of chemotherapy and/or radiation therapy, tissue acquisition can be performed at the time of ERCP.

Palliation of obstructive jaundice can be achieved with ERCP and biliary stent placement. In patients with unresectable pancreatic carcinoma who develop malignant gastric outlet obstruction, endoscopic palliation may be achieved by using self-expandable gastroduodenal stents.

**Contrast echosonography *(Yoshiki Hirooka, M.D.)*[@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36]**

Contrast-enhanced endoscopic ultrasonography (CE- EUS) was introduced in the early 1990s. The concept of injecting carbon dioxide microbubbles into the hepatic artery as a contrast material (enhanced ultrasonography) led to "endoscopic ultrasonographic angiography". After the arrival of the first-generation contrast agent, high-frequency (12 MHz) EUS brought about the enhancement of EUS images in the diagnosis of pancreaticobiliary diseases, upper GI cancer, and SMTs. The electronic scanning endosonoscope with both radial and linear probes enabled the use of high- end ultrasound machines and permitted the enhancement of both color/power Doppler flow-based imaging and harmonic-based imaging using the second-generation contrast agents. Many reports have described its usefulness in the differential diagnosis of pancreatic disease and other abdominal lesions. Quantitative evaluation of CE-EUS images represents an objective method of diagnosis using the time-intensity curve (TIC), but it was limited to the region of interest. Recently developed inflow time mapping (ITM) can be generated from stored image sequences and used to display the pattern of signal enhancement with time after injection, offering temporal difference of contrast agents and improved tumor characterization. On the other hand, 3-dimensional CE-EUS images added new information to the literature, but lacked positional information. Three- dimensional CE-EUS with accurate positional information is awaited. To date, most reports have been related to pancreatic lesions or lymph nodes. Hemodynamic analysis might be of use for diseases in other organs: upper GI cancer, SMTs, and biliary disorders, and it might also provide functional information. Studies of CE-EUS in diseases in many other organs will increase in the near future.

**Surgical perspective *(Yongyut Sirivatanauksorn, M.D.)***

Pancreatic ductal adenocarcinoma is a devastating diagnosis, aggravated by the fact that the majority of patients present late with locally advanced or metastatic disease, and that only 10%-20% are candidates for resection. It is associated with the lowest 5-year survival rate of any cancer. Ninety percent of patients die within the first year after diagnosis. Detection of early-stage tumors is important in improving survival. About 70% of pancreatic cancers are found in the head of pancreas, and most patients present with jaundice, weight loss and abdominal pain. Early symptoms such as epigastric bloating and dyspepsia are nonspecific, and hence early diagnosis requires a high index of suspicion. Obstructive jaundice is a more specific sign associated with pancreatic head cancer but is often a late manifestation. The presence of back pain often suggests tumor infiltration of celiac

**[Surgical management]{.ul}**

Laparoscopy immediately before laparotomy is of value in the workup of pancreatic cancer with curative surgical intent. The conditions that should trigger pre-operative laparoscopy are 1) larger primary tumor, 2) lesions in the neck, body and tail of pancreas, 3) equivocal radiographic findings such as low-volume ascites, CT findings indicating possible carcinomatosis and small hypodense lesions in liver, and 4) subtle clinical and laboratory findings suggesting more advanced disease such as marked hypoalbuminemia and/or weight loss, significant increases in CA19-9 level and relatively severe pain.

Surgical resection offers the only hope of cure for patients with pancreatic cancer. The Whipple operation, or PD, is the mainstay of surgical treatment for pancreatic cancers, most of which occur in the pancreatic head. The Whipple operation has been a classical operation for decades and mortality has dropped dramatically as a result of improved perioperative care and increased experience in tertiary referral centers. The potential for surgical resection to cure pancreatic cancer depends in part on achieving complete (R0) clearance of neoplastic cells.[@ref37] From the 1990s on, an operative mortality rate of less than 5% has become the standard in many experienced centers.

With regards to the extent of resection, regional lymph nodes typically dissected with the PD specimen include the anterior and posterior pancreaticoduodenal nodes. Extended lymphadenectomy includes removal of nodes from the liver hilum, the celiac trunk and superior mesenteric artery and along the aorta from the diaphragm to the inferior mesenteric artery and laterally to both renal hila. The current evidence shows that overall survival does not differ between standard PD and PD with extended lymphadenectomy, and therefore does not support performing such a radical lymph node dissection.[@ref38][@ref39][@ref40]

Adherence to or encasement of the portal vein or superior mesenteric vein by pancreatic head cancer has been regarded as indicating locally advanced disease with poor outcome and thus a contraindication to resection. A recent study found that tumors adherent to the portal vein or superior mesenteric vein were not associated with more aggressive tumor characteristics, suggesting that venous adherence was a function of tumor location rather than an indicator of aggressive tumor biology.[@ref41] Some Japanese reports showed improved survival but other studies have reported no significant difference in the operative mortality rate or long-term survival between patients who underwent portal vein or superior mesenteric vein resection for isolated tumor involvement and those without venous resection.[@ref42][@ref43] These studies suggested that isolated portal vein involvement should not be a contraindication for pancreatic resection in patients with pancreatic adenocarcinoma. Hence, resection of the portal vein should be performed if all disease can be encompassed within the resection. Reconstruction of the portal vein and superior mesenteric vein can be accomplished by end-to-end anastomosis in most cases if the segment of portal vein or superior mesenteric vein resected is less than 2 cm.

The involvement of arteries such as the celiac, hepatic, or superior mesenteric arteries has commonly been considered a contraindication to resection of locally advanced pancreatic cancer because of the increased operative mortality and disappointing survival.[@ref44] A study of *en bloc* resection of the hepatic, celiac, or superior mesenteric artery demonstrated the operative mortality was higher with arterial resection (14% *vs.* 4%). However, survival was similar to that of the control group (14 months *vs.* 15.8 months).[@ref45]

**[Complication]{.ul}**

The most common complications of PD are delayed gastric emptying, pancreatic fistula, and wound infections.[@ref46][@ref47] Pancreaticojejunostomy leakage remains one of the commonest and most dreaded complications after PD, with a leakage rate of 14%-18%.[@ref48][@ref49][@ref50] The techniques of pancreaticojejunal anastomosis, either end-to-side or end-to- end, and either duct-to-mucosa or dunking, have not been found to have a significant influence on the anastomotic leakage rate.

Apart from the immediate postoperative complications, long-term morbidity such as gastric dumping, marginal ulceration and bile-reflux gastritis are also major concerns after PD. The pylorus-preserving pancreaticoduodenectomy (PPPD) is a modification that aims at reducing such morbidity and preserving digestive function. However, there is no definite proof of improved postoperative nutritional status between PPPD and Whipple.

**[Prognosis]{.ul}**

Though the surgery is the treatment of choice in pancreatic cancer, the median survival after resection is only 1820 months. The overall 5-year survival is 10% (7%-25%) and up to 50% of those who survive for 5 years may die of recurrent cancer. The factors that predict the disease recurrence and survival rates of disease are resection margin, size of tumor (5-year survival in tumor less than 2 cm is 20% whereas those larger than 3 cm is only 1%), lymph nodes involvement (median survival in negative and positive lymph nodes involvement are 4.5 years and 11 months, respectively) and tumor cellular differentiation (5-year survival in poorly and well-differentiated tumors is 10% and 50%, respectively).

**EUS-guided therapy *(Siyu Sun, M.D.)***

There is no jailbreak for unresectable advanced pancreatic carcinoma (PC). Current therapies, however, not only are of limited benefit in most patients, but also usually reduce the quality of life. The high incidence of complications and toxicity limit their usefulness. Although systemic therapy is ultimately needed for cure, an effective locoregional therapy may be beneficial in some patients to improve quality of life and survival time. Two kinds of implants, Iodine-125 radioactive seeds for interstitial brachytherapy and intratumoral polymer for sustained delivery of 5-fluorouracil can deliver mild, long term ablation effects to control the tumor but no severe acute inflammation to cause complications. Both kinds of implants are 0.8 mm thick so that they can pass through the lumen of 19-G EUS-FNA needle easily. Two previous pilot studies on EUS-guided interstitial brachytherapy (EUS-IBT) showed that it could be moderately effective in achieving tumor response and control of abdominal pain for patients with unresectable PC.[@ref51][@ref52] These results gave us a hint that EUS-IBT may be a good alternative for the control of the abdominal pain in patients with tumor invasion of celiac trunk.[@ref53] In this condition, EUS-guided celiac plexus neurolysis is potentially difficult to perform. Wang *et al.* reported that EUS-guided direct celiac ganglion irradiation with radioactive seeds can reduce the Visual Analogue Scale (VAS) Pain Score and analgesic drug consumption in patients with unresectable PC.[@ref54] Besides that, an animal study on EUS-guided implantations of chemotherapeutic implants (interstitial chemotherapy) showed that the technology might provide a minimally invasive therapeutic method for PC. Synergism between interstitial chemotherapy and brachytherapy in tumor ablation was also found. This gave rise to the idea that since not all PC cells are sensitive to brachytherapy or chemotherapy, why not use both together as mutual sensitizers? Therefore, EUS was used to guide implantation of radioactive seeds and chemotherapeutic implants simultaneously with a 19-G needle. A pilot study on this procedure, called EUS-guided Interstitial chemoradiation(EUS-ICR), demonstrated the technical feasibility in UICC-T4 PC. Among a total of 8 patients, 1 patient showed a partial tumor response, 2 patients showed minor response and 4 patients experienced clinical benefit.[@ref55] Furthermore, the technique appears to be well tolerated. Therefore, EUS-ICR for unresectable PC appears promising, and should be further evaluated.

**Summary of pancreatic *mass (Thawee Ratanachu-ek, M.D, MD)***

Achieving an accurate diagnosis of pancreatic head masses remains a significant challenge. Multi-detector CT and MRI/MRCP are appropriate modalities to characterize and stage the lesion. Increasingly, EUS is utilized as an important component of the diagnostic and staging algorithm. EUS (and/or EUS-FNA) is helpful in excluding benign pathologies, in particular chronic pancreatitis and autoimmune pancreatitis. Due to the morbidity and mortality associated with pancreatic resection, in particular pancreaticoduodenectomy, surgery for benign disease must be minimized. Advances in EUS technology including elastography have added to high resolution grey-scale imaging and color Doppler for the detection and characterization of pancreatic masses. CE-EUS is also increasingly utilized in some centers. The assessment of tissue hardness and vascularity using these technologies further assists in characterizing the lesion, and can also facilitate targeting EUS-FNA so as to optimize diagnostic sampling. In addition to local staging, EUS allows an assessment for liver metastases, celiac/para-aortic lymphadenopathy and small volume, malignant ascites. EUS is increasingly used therapeutically. EUS celiac plexus neurolysis for palliation of malignancy-associated pain can be performed following diagnostic EUS in the same procedure.

DIFFICULT PROBLEMS IN PANCREATO- BILIARY DISEASES: EUS IN YOUR HANDS {#sec1-5}
====================================================================

 {#sec2-5}

### Failed Cannulation: Radiologist Perspective (Sundeep Punamiya, M.D.) {#sec3-8}

Despite advances in endoscopic technology, techniques and training, failed biliary cannulation can occur in 5%-20% of ERCPs, which usually requires a repeat endoscopic attempt, aided with a percutaneous access or endoscopic ultrasound, or alternatively conversion to a percutaneous radiological or a surgical intervention.[@ref56]

A repeat ERCP combined with a percutaneous access is a preferred option at many centers. This combined radiological-endoscopic "rendezvous" approach involves the following steps:

Percutaneous access to the biliary system from either (a) a transhepatic approach, or (b) a transcholecystic approach. The latter approach is used when transhepatic access is not possible or is unsuccessful, often occurring when the intrahepatic ducts are not dilated. The transcholecystic approach could also be utilized if the patient has an indwelling cholecystostomy drain.After a successful percutaneous biliary access, a guide wire is manipulated across the common bile duct into the duodenum. An external-internal biliary drainage catheter is inserted over this wire if endoscopy is not being planned at the same setting.Conversion to an endoscopic access can be done using any of the following techniques:[@ref57]Over-the-wire cannulation: A long guide wire is inserted into the duodenum and retrieved endoscopically. An endoscopic cannula is then threaded over the wire to complete the ERCP.Through-the-catheter cannulation: A guide wire is inserted from the endoscope into the lumen of the percutaneous biliary drainage catheter, either through its end hole or a side hole. The percutaneous biliary drainage catheter is then withdrawn into a peripheral duct to allow subsequent ERCP.Parallel cannulation: A guide wire is inserted by the side of the indwelling percutaneous biliary drain or wire. The drainage catheter or wire facilitates identification of the ampulla, and straightens the common bile duct for easier cannulation.After the ERCP, the percutaneous catheter or wire is removed either immediately or at a subsequent setting.

The radiological and endoscopic procedures can be combined at the same setting or can be spaced apart. The single-stage, simultaneous rendezvous is more desirable, as it is associated with lesser complications, reduced length of hospitalization, reduced costs, and better patient tolerance.[@ref58] It however requires coordination of timing and equipment between the radiologist and the endoscopist, and this could be a challenge. Hence most centers tend to space the procedures apart. If the procedures are staged, it is prudent to perform the radiological drainage within 48 hours of a failed ERCP, especially if the bile duct has been contaminated with contrast. Once the radiological drain is inserted, the ERCP could be performed at any stage, but should ideally be done within a week to reduce the risk of cholangitis.[@ref59]

The rendezvous procedure is ideally suited for management of choledocholithiasis, as endoscopic treatment for biliary calculi is most effective. For biliary stricture management, however, the need for the combined endoscopic-percutaneous rendezvous approach is much diminished. Metallic stents can be inserted percutaneously through tracks of similar size (6-7F) necessary for a rendezvous ERCP in a one-stage procedure, without any need for a prior percutaneous biliary drainage.[@ref60] Additionally, the cost of percutaneous primary metallic stenting is less than that of a rendezvous procedure. However, if plastic stents are to be used, the combined approach represents a reasonable alternative, as larger tracts (10-12F) need to be created for percutaneous stenting. However, it can be argued that insertion of a percutaneous plastic stent 2-3 days later is just as effective, especially as combined procedures are rarely performed in a single session for logistic reasons.

The use of a radiological approach, either alone or in combination with endoscopy increases the success rate of biliary intervention close to 100%, even in patients with surgically altered anatomy and duodenal obstruction. The use of EUS guidance has evoked significant interest of late, but it requires extra skill, expertise and special equipment. Radiological intervention has been proven efficacious over many years, with low risk, and should be considered when available.

### EUS-Guided Pancreatobiliary Cannulation in Surgically Altered Anatomy (Takao Itoi, M.D.) {#sec3-9}

ERCP has been one of the most essential diagnositic and therapeutic tools in patients with pancreaticobiliary diseases. In general, the success rate of cannulation into bile duct and pancreatic duct is more than 90% in patients with a normal anatomy.[@ref61] Apart from patients with a normal anatomy, ERCP in patients with surgically altered anatomy can often be more challenging. In particular, Billroth II gastrectomy, Whipple resection, and Roux-en-Y anastomosis (R-Y) have been thought to preclude endoscopic access for both diagnostic and therapeutic ERCP using conventional forward-view and side-view endoscopes.[@ref62][@ref63][@ref64] Recently, the use of single-/double-balloon enteroscopy can be useful for performing ERCP in patients with such surgically altered anatomy.[@ref65][@ref66] However, even using single-/double-balloon enteroscopy, successful bile duct and pancreatic duct cannulations are not always accomplished. Recently, EUS-guided biliary and pancreatic duct drainage had been described as a rescue technique for management of patients with surgically altered anatomy.[@ref66][@ref67][@ref68] Although these techniques seem to be immature now, newly developed and dedicated devices for EUS-guided procedures may contribute safe and reliable biliary and pancreatic duct access.

### EUS-Guided Biliary Drainage (Bancha Ovartlanporn, M.D.) {#sec3-10}

Several reports of EUS-guide biliary drainage (EUS-BD) have been published since the first description of EUS- guided biliary puncture in 1996 by Wiersema *et al*.[@ref69] The success rate of EUS-BD in the literature varied from 85%- 90% and the complication rate ranged from 10%-16%.[@ref2][@ref70][@ref71] The indications for EUS-BD generally included patients with failed ERCP from various causes and patients with altered anatomy where ERCP was not feasible.[@ref2][@ref70][@ref71] The EUS-BD technique can be categorized as EUS-guided rendezvous (EUS-R) and EUS direct intervention with either choledochoduodenostomy or hepaticogastrostomy.

The EUS-R success rate in multiple reports was generally lower than direct intervention (80% *vs.* 94%-96%), but no comparative studies are available.[@ref2][@ref71][@ref72][@ref73][@ref74] The duodenal approach is better for wire manipulation than the gastric approach in EUS-R and some authors preferred the second part of duodenum since the direction of the needle and guide wire is toward the papilla[@ref72], but the risk of the scope falling back during the procedure may be higher.

The average success rate of choledochoduodenostomy was 92% with a range of 50%-100%, and the complication rate was 13%[@ref2][@ref71][@ref73] whereas the success rate of hepaticogastrostomy varied from 91% to 100% and the complication rate was 25%.[@ref2][@ref71][@ref74]

No standardized technique of EUS-BD has been established. There are many technical variations in EUS- BD. At present, there is no consensus as to how the choice should be made of access technique (rendezvous *vs.* direct intervention), site of puncture (hepaticogastrostomy *vs.* choledochoduodenostomy), technique of tract dilation (catheter dilator *vs.* balloon dilator *vs.* electrocautery with needle knife or cystotome), and stent selection (plastic stent *vs.* metallic stent, pigtail *vs.* straight plastic stent, partial covered *vs.* fully-covered metallic stent.[@ref2][@ref71][@ref72][@ref73][@ref74][@ref75][@ref76] There are limited or no data comparing the efficacy among different techniques and types of stents in EUS-BD. In one study from Korea, tract dilation with a needle-knife was associated with an increased risk of post-procedure complication.[@ref77] The stent patency of metallic stents may be longer than that of plastic stents in some case-series reports.[@ref73]

The efficacy of EUS-BD compared with percutaneous drainage had been reported in 25 patients; 13 were treated with EUS-BD and 12 with percutaneous biliary drainage (PTBD) in one study that showed a similar efficacy in terms of success, complication rate, cost and quality of life.[@ref78] One randomized study conducted at the author\'s institute in 10 patients comparing EUS-BD with PTBD showed the same efficacy in terms of relief of jaundice, but the study was terminated due to slow patient recruitment (unpublished data). In a non-randomized study where EUS-R was compared with precut in patients with failed ERCP, the success rate of EUS-R was higher than precut.[@ref79]

EUS-BD should be performed by experienced endoscopists in both ERCP and EUS. A good immediate backup team must be available in case of EUS-BD failure, to perform rescue drainage and to minimize the potential complications of EUS-BD.[@ref72] Detailed evaluation of the clinical problem, anatomy and goal of intervention should be performed, and combined with a pre-procedure team briefing on procedure technique, accessories to be used, and potential problems anticipated.[@ref75]

The learning curve required to master this technique is not well defined and it is potentially variable depending on the skills of the endoscopist. In a Spanish national survey study, 19 centers with experience of less than 20 procedures participated in EUS-guided cholangiopancreatography in 125 patients and the failure rate was 32.8%.[@ref80] In our experience, the failure rate in the first 13 procedures was 38% and the failure rate in the subsequent 18 procedures was 11%.[@ref75] There is currently no optimal training curriculum established.

Future developments needed to improve EUS-BD include defining of optimal indications, standardization of technique, defining the role of each technique and determining the optimal site of puncture. The development of a dedicated EUS scope for EUS-BD such as a forward-view EUS scope[@ref81] or a side-view EUS scope may help improve the efficacy of EUS-BD. It is hoped that we will soon see the modification of existing tools and invention of new accessories optimized for EUS-BD procedures, aimed at improving success and decreasing complication rates. Examples in development include needle design to prevent shearing of the needle coating,[@ref82] polishing of the needle lumen to increase the smoothness of guide wire insertion, and re-design of guide wires, dilators and stents suitable for EUS-BD. Finally, the efficacy of EUS-BD should be evaluated by comparing with alternative methods, with more studies to establish its role in biliary obstruction.

### EUS-Guided Pancreatic Therapy (Pain Management) (Ichiro Yasuda, M.D.) {#sec3-11}

Since more than 80% of patients with advanced pancreatic cancer experience severe pain,[@ref83] pain control is a major challenge in the management of such patients. The celiac plexus is responsible for transmitting pain sensations originating from the upper abdominal organs, including the pancreas, liver, gallbladder, stomach, and ascending and transverse colons. This plexus surrounds the celiac artery (CA) and the superior mesenteric artery (SMA) as they originate from the anterior surface of the abdominal aorta and comprises several ganglia and interconnecting neural rami. Celiac plexus neurolysis (CPN) is a technique that disrupts the transmission of pain signals via the injection of a neurolytic agent into the celiac plexus. This procedure has been previously performed under the guidance of radiography, fluoroscopy, CT, or US. EUS-guided CPN (EUS- CPN) was introduced by Wiersema *et al.* in 1996,[@ref84] wherein a neurolytic agent is injected at the base or on both sides of the celiac axis, which are the probable locations of the celiac ganglia. It was recently demonstrated that the celiac ganglia could be precisely visualized by EUS.[@ref85][@ref86] Subsequently, a new procedure involving the direct puncture and injection of a neurolytic agent into an individual celiac ganglion (EUS- guided direct celiac ganglia neurolysis: EUS-CGN) was introduced by Levy *et al.* in 2008.[@ref87] An initial evaluation of this technique showed a surprisingly high efficacy. However, no reports have thus far compared directly the outcomes of EUS-CPN and EUS-CGN; therefore, we conducted a randomized controlled trial (RCT) in order to perform this comparison (in press data). Thirteen Japanese facilities participated in this multicenter RCT. Patients with upper abdominal cancer pain, mainly pancreatic cancer pain, were randomly assigned to either the EUS-CGN or EUS-CPN group. Evaluation was performed at 7 days postoperatively using a pain scale (VAS) scored from 0 to 10. The patients in whom the pain decreased to ≤3 were considered to have a positive response, while those experienced a pain decrease to ≤1 were considered completely responsive. Comparison between the two groups was performed using intention-to- treat analysis. A total of 68 patients were assigned to each group. Visualization of the ganglia was possible in 30 of 34 cases (88%) in the EUS-CGN group. The positive response rate was significantly higher in the EUS-CGN group (73.5%) than that in the EUS-CPN group (45.5%; *P* = 0.026). The complete response rate was also significantly higher in the EUS-CGN group (50.0%) than that in the EUS-CPN group (18.2%; *P* = 0.010). No differences were observed between the two groups in the incidence of adverse events or the duration of the pain relief. The results revealed that EUS- CGN was significantly superior to conventional EUS-CPN in cancer pain relief.

### Staging Hilar Cholangiocarcinoma: Time for EUS/Intraductal Ultrasound (Tiing Leong Ang, M.D.) {#sec3-12}

**Classification and staging of hilar cholangiocarcinoma by CT and MRI**

Precise staging of hilar cholangiocarcinoma is important for determining surgical resectability and the chance of curative treatment. The anatomical extent is described using the Bismuth---Corlette classification.[@ref88] Staging systems used include the Memorial Sloan-Kettering Cancer Center (MSKCC) staging system,[@ref89] the AJCC/UICC staging system, and a new system proposed by an international cholangiocarcinoma working group.[@ref90] Accurate early diagnosis and precise staging are crucial. Correct diagnosis facilitates early surgery for localized disease and precise staging avoids futile surgery in advanced disease. CT and MRI are the key investigations required for diagnosis and staging. In particular, MRCP is crucial for anatomical mapping and should precede ERCP. In terms of CT assessment, for ductal extent, the accuracy has been reported at 86%. For assessment of portal vein involvement, a sensitivity of 89% and a specificity of 92% were reported. In terms of assessment of hepatic artery involvement, a sensitivity of 83% and a specificity of 93% were reported. The sensitivity for lymph node detection by CT was somewhat low at 61%, but the specificity was acceptable at 88%.[@ref91] MRI is able to assess the level and extent of ductal involvement with an accuracy of 88%-96%.[@ref92] MRI assessment of arterial involvement had a sensitivity of 58%, a specificity of 93% and an accuracy of 89% respectively. For venous involvement, the sensitivity, specificity and accuracy were 78%, 91% and 67%-89%, respectively.[@ref93]

**Roles of EUS and intraductal ultrasound in diagnosis and staging**

EUS, EUS-FNA and intraductal ultrasound during ERCP complement CT/MRI and have crucial adjunctive roles. These include the differential diagnosis of proximal biliary stricture, the assessment of tumor extent and vascular involvement especially when there is borderline surgical resectability, and tissue acquisition by EUS-FNA for diagnosis.

A large case series recently reported on the role of EUS for preoperative evaluation of cholangiocarcinoma. Among 81 cases of cholangiocarcinoma (distal: 51, proximal: 30), the sensitivity of EUS *vs.* CT (*P* \< 0.001) *vs.* MRI (*P* = 0.07) for tumor detection was 94% (76/81) *vs.* 30% (23/30) *vs.* 42% (11/26) respectively. EUS detection of distal *vs.* proximal tumor was 100% *vs.* 83% (*P* \< 0.01). EUS-FNA had an overall sensitivity of 73% (distal *vs.* proximal lesion: 81% *vs.* 59%, *P* = 0.04). EUS diagnosis of unresectability (*N* = 15) had a sensitivity of 53% and a specificity of 97%. Of the 8 cases with unresectable tumors missed by EUS, 6 were missed by CT or MRI.[@ref94] Another study evaluated the role of EUS-FNA of regional lymph nodes in patients with hilar cholangiocarcinoma being considered for liver transplantation (*n* = 47). EUS-FNA prevented unnecessary surgery in 17% of patients. Among cases with no lymph nodes based on EUS assessment, this was confirmed by staging laparotomy in 20/22 cases.[@ref95] EUS-FNA has also been shown to be useful in providing diagnosis of malignant proximal biliary stricture after negative ERCP brush cytology, with a reported sensitivity of 77%, a specificity of 100%, a positive predictive value of 100%, and an accuracy of 79%. Unfortunately the negative predictive value was only 29%.[@ref96]

Intraductal ultrasound can be easily performed when cholangiography is indicated before surgery either for drainage preoperatively or when further confirmation of tumor extent is required. It is useful in differentiating benign from malignant biliary strictures. The accuracy of intraductal ultrasound for malignancy (*vs.* histology) has been reported to be 76%,[@ref97] significantly more accurate than EUS (89% *vs.* 76%)(98). In a comparative study that evaluated ERCP, MRCP and intraductal ultrasound, with histology as gold standard, ERCP and MRCP allowed correct differentiation of malignant from benign lesions in 76% and 58%, respectively. By supplementing ERCP with intraductal ultrasound, the accuracy of correct differentiation of malignant from benign lesions increased significantly to 88%.[@ref99] Intraductal ultrasound is useful for T-staging of cholangiocarcinoma. However it is not useful for N- and M-staging. This is due to the fact that the limited depth of sonographic penetration precludes adequate assessment of nodal status and distant metastases. Hence, the main value resides in assessment of the resectability and the longitudinal extent of the lesion when there is no evidence of distant spread on CT. In a study that compared intraductal ultrasound and EUS against operative findings, intraductal ultrasound had a T-staging accuracy rate of 78% compared 54% for EUS and correctly predicted resectability in significantly more patients than EUS (82% *vs.* 76%).[@ref98] Intraductal ultrasound is able to visualize the portal vein and the right hepatic artery at the hepatic hilum, and hence is useful in assessing vascular invasion. However, it cannot adequately visualize and, thus cannot accurately diagnose vascular invasion of the common hepatic artery and the left hepatic artery due to limited sonographic penetration. Tamaka *et al.* showed that it was possible to visualize the portal vein in all cases (*n* = 18) and the accuracy for assessing portal vein involvement for all locations was 100%, unlike EUS where the accuracy was 91% for mid to distal and 57% for proximal bile duct.[@ref100] In another study assessing hepatic artery involvement (*n* = 22), the right hepatic artery was seen in all cases and the accuracy of diagnosing right hepatic artery invasion was 100%. However the common hepatic artery was seen only in 18% and the left hepatic artery in 14%.[@ref101] Accurate assessment of the longitudinal extent is important for planning margins of surgical resection. In a direct comparison between intraductal ultrasound and ERCP using operative findings as the gold standard, the former was significantly superior to the latter in assessment of both proximal tumor extension towards the liver (84% *vs.* 47%) and distal tumor extension towards the duodenum (86% *vs.* 43%).[@ref99] A recent study examined the role of preoperative intraductal ultrasound evaluation of the longitudinal extent of borderline resectable hilar cholangiocarcinoma. The accuracies of CT, ERCP, and intraductal ultrasound were 66.6%, 60%, and 90% respectively. This suggested that intraductal ultrasound was important for optimal surgical planning in patients with borderline resectable hilar cholangiocarcinoma.[@ref102]

In conclusion, EUS and intraductal ultrasound have important roles as adjunct to CT and MRI in the diagnosis and staging of hilar cholangiocarcinoma.

EUS TRAINING *(Hsiu-Po Wang, M.D.)* {#sec1-6}
===================================

EUS, as its name suggests, has endoscopy and ultrasound components. In most centers, EUS is taught with textbooks, video clips and sometimes with simulators. The most important teaching modalities however are in-room procedure observation and hands-on training. When EUS is being learned, the interpretation of ultrasound images can be difficult to learn, especially for endoscopists who do not have experience in ultrasound.

The teaching program for EUS at National Taiwan University Hospital begins in the second year of GI fellowship. We require our fellows to have experience in trans-abdominal ultrasound before starting on EUS training, and emphasize this as a pre-requisite. Experience in trans-abdominal ultrasound gives the EUS trainee a good foundation in the principles of ultrasound imaging. This exposure also gives the trainee a head-start in learning EUS anatomy, for which a number of landmark views are similar to those seen in trans-abdominal ultrasound (Fig. [9A](#F9){ref-type="fig"}-[C](#F9){ref-type="fig"}). Our trainees start learning GI tract wall structure during sessions in regular ultrasound, and are simultaneously introduced to cross-sectional and longitudinal views of GI tract. This makes it easier for them to understand radial and linear EUS anatomy in GI tract, and also gives them exposure to Doppler and elastography imaging before they begin EUS training.

![**Similar anatomic images shown by US and EUS.** A: The pancreatic body; B: The celiac trunk; C: The celiac artery and SMA. US: ultrasound; EUS: endoscopic ultrasound; SMA: superior mesenteric artery.](EU-2-43-g010){#F9}

Most Japanese and Taiwanese endoscopists also practice trans-abdominal ultrasound, which for them may make learning EUS a natural extension of a pre-existing skill set. In other countries, ultrasound is practiced by radiologists. We suggest negotiating with radiologists for short-term ultrasound training if this is the case. The other suggestion is self-learning by real-time-virtual sonography (RVS), which combines real-time views of EUS with simultaneous CT or MRI images.

ASIAN-PACIFIC PERSPECTIVE *(Khek Yu Ho, M.D.)* {#sec1-7}
==============================================

Natural-orifice transluminal endoscopic surgery (NOTES) is an emerging minimally invasive surgical technique that promises better surgical outcome than current standard laparoscopic surgery, but NOTES faces multiple implementation challenges, primarily due to lack of proper instrumentations to facilitate better endoscopic visualization and articulation of surgical instruments. Blind translumenal surgical access to organs in the abdomen poses a significant risk of inadvertent injury to adjacent organs and vessels. To mitigate these risks of injuries, current endoscopic instrumentations would have to be improved to enhance instrumental dexterity and surgical maneuverability.

While some investigators, including a group in Singapore working on the MASTER endoluminal robot, are tapping on direct-driven multi-tasking platforms or robotic technologies to increase endoscopic instrumental dexterity with promising results,[@ref103][@ref104][@ref105][@ref106][@ref107] other investigators are exploring into the application of EUS technologies in NOTES to mitigate risks of injuries associated with the transluminal surgical approach.[@ref108][@ref109][@ref110][@ref111] Several investigators have demonstrated that systematic anterior and posterior access for transgastric peritoneoscopy and direct pancreatic endoscopic procedures were achievable with EUS guidance.[@ref110][@ref111] EUS guidance was also particularly helpful in gaining access or identifying structures in anatomically difficult areas in NOTES procedures.[@ref112] The inadvertent surgical injuries sustained during a NOTES procedure was also found to substantially decrease when EUS-guided transluminal access to target organs in the peritoneum was applied.[@ref113] Thus, investigators suggested that EUS is a viable and promising adjunct to NOTES, particularly as operators gained more experience in using EUS to identify and avoid injuring at-risk extraluminal structures during the performance of NOTES. There are challenges though, amongst which are (i) the sharp learning curve for EUS imaging, and (ii) the lack of suitable sonographically visible endoscopic accessories for use in the application. Thus, more knowledge of EUS-guided NOTES would have to be gained before it can be implemented for use clinically.

PRESENT STATUS OF EUS IN ASIAN- PACIFIC COUNTRIES *(Kenjiro Yasuda, M.D.)* {#sec1-8}
==========================================================================

We had the opportunity to discuss the present status of EUS in Asian-Pacific countries at the EUS forum during APDW 2012 in Bangkok. The significance of EUS and the limitations of diagnostic and interventional EUS were reconfirmed and summarized.

EUS imaging and EUS-FNA are indispensable methods for diagnosing SMTs. However, further discussion is required on the diagnostic and therapeutic strategies using EUS.

It is true that EUS can afford the most precise imaging of PCNs among the imaging tools available. Histopathological diagnosis by EUS-FNA is also helpful for obtaining the correct diagnosis; however, limitations in diagnostic accuracy remain. The discussion continues regarding the development of new modalities and techniques to improve diagnostic yield. PCNs are still problematic and mysterious not only diagnostically but in the determination of the optimal clinical management algorithm.

On the other hand, it can be safely said that EUS, EUS- FNA and contrast EUS are valuable for the diagnosis and determination of the management strategy for pancreatic cancer. And it is apparent that EUS and intraductal ultrasound are useful in the staging of hilar cholangiocarcinoma.

Interventional EUS techniques such as pancreatic cyst drainage, rendezvous and other biliary drainage techniques continue to evolve; however, the accessories are incomplete and unsatisfactory at present.

Though some unsolved problems remain, we believe the future of EUS and related procedures is hopeful and expect further spreading of these methods in Asia-pacific countries as well as all over the world.

CONCLUSION *(Christopher J.L. Khor, MB,BS.)* {#sec1-9}
============================================

During the EUS forum at APDW 2012, the current state of the art in EUS was presented across an array of pathologies. A number of controversies arose, stimulating discussion aimed at improving endosonography practice in the Asia-Pacific region and globally. It is hoped that the detailed discussions conducted by EUS experts and surgeons, based on the available evidence and expert opinion, will be helpful for all practitioners. The majority of the content presented in the meeting has been summarized by the presenters and appears here in this report. The authors hope that this report will serve as a practical guide to endosonography. It is hoped too that increasing focused EUS forums become a feature of large, general regional conferences so as to facilitate the ongoing advancement of this technique, and the resolution of the controversies and limitations acknowledged at this meeting.

We acknowledge the significant contributions made by Amit Maydeo, M.D., and Robert H Hawes, M.D. to the EUS Forum at APDW 2012 in the form of their presentations and guidance.
